nificantly more effective than EPZ for first-line treatment. However, for second-line treatment, there was no significant difference between EPZ and VPZ.
Introduction
Helicobacter pylori infection causes chronic gastritis, peptic ulcers, mucosa-associated lymphoid tissue lymphoma, and gastric cancer [1] . Therefore, H. pylori eradication is recommended for the prevention of these diseases. The success rate of the standard therapy, which uses a proton pump inhibitor (PPI) with amoxicillin (AMX) and clarithromycin (CAM), has decreased in many parts of the world. This decrease appears to be caused by an increase in the prevalence of CAM-resistant strains of H. pylori . Indeed, a study conducted between 2000 and 2013 in Japan [2] found that the overall resistance rate to CAM was 31.1%. However, eradication failure is caused not only by bacterial resistance to antimicrobial agents but also by insufficient acid inhibition during treatment, which degrades and destabilizes the antibiotics in the stomach [3] . Gastric acid inhibition by PPIs is influenced by the cytochrome P450 (CYP) 2C19 genotype and gastric emptying.
Vonoprazan (VPZ) is a novel oral potassium-competitive acid blocker that is part of a new class of gastric acidsuppressant agents. It has been available since February 2015 in Japan but is presently not yet approved in other countries. It competitively inhibits the binding of potassium ions to H + ,K + -ATPase in the final step of acid secretion in gastric parietal cells. It has a potent and long-lasting anti-secretory effect on H + ,K + -ATPase, owing to its high accumulation in and slow clearance from gastric tissues [4] . Several reports showed that the acid-inhibitory effects of VPZ were stronger than those of conventional PPIs [5, 6] . A phase III randomized trial in Japan revealed that a VPZ regimen was more effective as part of a firstand second-line triple therapy than a lansoprazole (LPZ) regimen (92.6%, VPZ regimen; 75.9%, LPZ regimen) [7] . However, there are only a few reports in the literature about the H. pylori eradication rate of VPZ in a clinical setting. In addition, no comparative studies have been conducted related to esomeprazole (EPZ) and VPZ regimens. EPZ has been available for 5 years in Japan, and is considered to be less affected by CYP2C19 than other PPIs. The aim of this study was to compare the H. pylori eradication rate of EPZ and VPZ regimens.
Methods

Patients
A retrospective, open-label, single-center study design was adopted at Saiseikai Nakatsu Hospital, Osaka, Japan. A total of 874 patients who were diagnosed with H. pylori infection between November 2013 and June 2016 enrolled in the study. Four hundred thirty-one patients received the EPZ regimen from November 2013 to March 2015, while 443 patients received the VPZ regimen from April 2015 to June 2016. Before treatment, demographical and clinical characteristics including age, body mass index (BMI), smoking status, and alcohol consumption were checked. Most patients had also undergone an upper gastrointestinal endoscopy before enrolment. All patients in our hospital received an endoscopy before eradication as a screening process against gastric cancer. However, a few patients who were diagnosed at other hospitals did not. We have excluded patients with a history of eradication and gastric operations from this study. The protocol and informed consent forms were reviewed and approved by the Ethical Committee of Saiseikai Nakatsu Hospital before the start of the study. This study was conducted in accordance with the Declaration of Helsinki and the consolidated Good Clinical Practice guidelines.
Assessment of H. pylori Infection and Eradication Therapy
The presence of H. pylori infection was detected by 13 C-urea breath tests, serological testing (HM-CAP kit, Enteric Product Inc., Westbury, NY, USA), and the rapid urease test (Helico Check, Otsuka Co., Tokushima, Japan). Successful eradication of H. pylori was defined as a result when the extent of bacterial presence was less than 2.5%. All patients were interviewed by a doctor to document adverse events (if any) experienced and to determine the drug compliance.
Data Analysis
The cure rate was defined as the number of successfully treated patients divided by the number of treated patients. The cure rate was evaluated in 2 ways: intention-to-treat (ITT), which included all eligible patients enrolled in the study, regardless of compliance; and per-protocol (PP), which excluded patients whose compliance was poor or patients with unavailable data. Demographic characteristics were analyzed by the t test. Comparison of categorized data was analyzed by the χ 2 test. All p values were 2-sided, and p < 0.05 was selected to indicate statistical significance. The primary endpoint was comparison of the first-line eradication rate between the EPZ and VPZ regimens in the ITT and PP groups, while the secondary endpoint was comparison of the second-line eradication rate between the 2 regimens in the ITT and PP groups. This study aimed to reveal the differences in the eradication rate with respect to the patient's background.
Results
Demographic Characteristics of Patients
Eight hundred and seventy-four subjects were included in the trial (431 patients in the EPZ group; 443 patients in the VPZ group). The baseline characteristics of each 
Comparison of Eradication Rate
The overall first-line eradication rate was 79.1% (341/431) for the EPZ regimen and 84.6% (377/443) for the VPZ regimen by ITT analysis; the eradication rate by PP analysis for EPZ and VPZ regimens was 79.9% (341/427) and 86.3% (377/439) respectively. The eradication rate for VPZ regimen was significantly higher than that for EPZ regimen in both ITT ( p = 0.021) and PP ( p = 0.019) analyses ( Fig. 1 ) .
The overall second-line eradication rate was 83.3% (45/54) and 89.1% (41/46) for EPZ and VPZ regimens, respectively, by ITT analysis. In PP analysis, the eradication rate was 88.2% (45/51) for the EPZ regimen and 91.1% (41/45) for the VPZ regimen ( Fig. 2 ) . A statistically significant difference in eradication rate was not found between the 2 groups both in ITT ( p = 0.587) and PP ( p = 0.900) analyses.
In terms of background disease, the eradication rate of the VPZ regimen was significantly higher than that of the EPZ regimen in patients with antral-predominant gastritis. For other background diseases, there were no significant differences between the 2 groups ( Table 2 ). In particular, the eradication rate of the VPZ regimen was higher than that of the EPZ regimen in diseases in which acid secretion persists, such as duodenal ulcers and antral-predominant gastritis.
When comparing patient-specific eradication rates between the regimens, a significant difference was seen in patients who were less than 70 years of age, female, or had a BMI <25 ( Table 3 ). The eradication rate of the VPZ regimen was significantly higher than that of the EPZ regimen (age <70: 85.4 vs. 78.5%, p = 0.024; female: 86.4 vs. 76.2%, p = 0.005; BMI <25: 85.5 vs. 79.5%, p = 0.041). There were no significant differences in eradication rates between the 2 groups with respect to other factors.
Adverse Events
Both VPZ and EPZ regimens were well tolerated by the patients. No severe adverse effects were reported; however, some patients experienced less severe adverse effects including diarrhea, bitter taste, nausea, and rash ( Table 4 ) . A total of 8 patients deviated from the protocol, out of which 4 (one receiving VPZ, 3 receiving EPZ) did not complete the protocol due to adverse effects.
Discussion
This study showed that the first-line H. pylori eradication rate of the VPZ regimen was significantly higher than that of the EPZ regimen in both ITT and PP analyses.
Both CAM and AMX are acid-sensitive; therefore, gastric acid secretions must be strongly inhibited to prevent degradation of the drug during eradication therapy. Sufficient inhibition of gastric acid to generate a stomach pH >5 increases the stability and bioavailability of these acid-sensitive antibiotics [8, 9] .
Hunt and Scarpignato [10] suggested a reason for the observed superiority of VPZ over conventional PPIs by highlighting the differences between VPZ and conventional PPIs for night-time control of intragastric acidity. Long-lasting acid suppression is important for eradication success. Patients receiving conventional PPIs may experience inadequate acid-inhibition during the night (commonly known as nocturnal acid breakthrough), which may interfere with the stability and bioavailability of acid-sensitive antibiotics and thereby decrease the eradication rate. Sakurai et al. [7] compared the 24 h mean gastric pH on day one between VPZ 20 mg and EPZ 20 mg, and reported that the intragastric pH after VPZ treatment (pH 5.2) was significantly higher than that after EPZ treatment (pH 3.0). Hence, the rapid and sustained acid-inhibitory effect of VPZ might be responsible for its superior eradication rate compared with that of EPZ. A previous phase III randomized trial in Japan showed a high eradication rate of 92% for the VPZ regimen [7] . The patients enrolled in that study had only gastric or duodenal ulcers. When we analyzed only those patients with a history of ulcers, the rate of H. pylori eradication was 89.9% (89/99), which was similar to that of the aforementioned trial. In addition, Shinozaki et al. [11] evaluated H. pylori eradication rate in patients with gastritis and ulcers and reported that the eradication rate of the VPZ regimen was 85%. Collectively, these data indicate that the eradication rate following VPZ regimen in a clinical setting can be expected to reach 85-90%.
Patients with mild stomach atrophy showed higher eradication rates when using the VPZ regimen. A recent study reported that severe atrophy decreased the success rate of eradication [12] . Hence, it is recommended that H. pylori be eradicated before it causes severe stomach gastritis. A significant difference in eradication rate was seen in patients who were younger than 70 years or who had BMI <25 between the 2 groups in this study. The VPZ regimen had a competitive advantage over the EPZ regimen in these patients. A previous study showed that young, healthy individuals had high mean basal and maximal acid outputs, which correlated negatively with body weight [13] . It is assumed that patients with lower BMI had higher levels of acid secretion. It is conceivable that younger patients also had higher acid secretion levels than older patients because the atrophy of the stomach progressed gradually in H. pylori -positive patients with an increase in age. Therefore, we assumed that this is the reason for the higher eradication rate of the VPZ regimen in these patient groups. Since VPZ has a more potent acid-inhibitory effect than conventional PPIs, the VPZ regimen was superior in these patient groups. Interestingly, Ishimura et al. [14] showed that maximal acid output decreased gradually with age in male patients but remained unchanged in female patients, in healthy Japanese subjects over the past 2 decades. This may be a reason for the higher eradication rate following VPZ regimen in female patients. Furthermore, some studies revealed that women showed lower H. pylori eradication rates when receiving a PPI, MNZ, and AMX triple therapy [15, 16] . Hence, the VPZ regimen may be a more effective therapy for resolving these problems.
In this study, there were no significant differences in patient background except for smoking status. Kamada et al. [17] showed that smoking exerted a negative influence on the eradication rate. The group that received the VPZ regimen had a higher number of smokers. Nevertheless, the eradication rate in the VPZ regimen group was higher than that in the EPZ regimen group. This result is probably due to the superiority of the VPZ regimen. Ishioka et al. [18] reported that treatment with CAM 800 mg b.i.d resulted in a higher eradication rate in triple therapy using conventional PPIs. Further study is necessary to conclude whether or not patients with smoking status should also be administered CAM 800 mg b.i.d in a VPZ-based triple therapy.
In contrast to the first-line therapy, there was no difference in the eradication rate following second-line therapy. One reason for this is the low resistance rate to MNZ (2-5%) for H. pylori in Japan [19] . Thus, acid suppression should not be a major problem that affects eradication rate. The prevalence of antibiotic resistance to CAM, MNZ, and levofloxacin appears to be rapidly increasing worldwide [20] . We are currently facing a dilemma between risking an increase in drug tolerance and a decreasing eradication rate. It is important to use antibiotics appropriately but changing to a VPZ-based treatment may offer a solution to this situation.
The strength of this study is that the efficacy of the VPZ regimen for H. pylori eradication was evaluated in a larger cohort than in the previous phase III study. However, the limitations of this study are as follows: the study followed an open-labeled, retrospective, single-center design. We also could not evaluate the effect of CYP2C19 genotype and antibiotic resistance in this study. However, we believe the change in tolerance to antibiotics is relatively small, since this study was performed in the same hospital for a period of 3 years. The antibiotic doses were lower and the treatment duration shorter in the present study than in the Toronto Consensus [21] . The choice of CAM 200 mg b.i.d. is not consistent with guidelines in Western countries. Moreover, the AMX dose is also less than that typically used in the West. We expected that the total amount of antimicrobial drugs can be reduced because VPZ exerts a powerful acid inhibitory effect. In Japan, the use of CAM 400 mg b.i.d. and AMX 1,000 mg b.i.d. for a treatment duration of 14 days is not widely practiced. One reason for this lies in the Japanese health insurance design. For example, the maximum amount of AMX is limited to 1,500 mg per day for all infectious diseases. Since VPZ strongly inhibits acid secretion, a satisfactory eradication rate was achieved with the minimum amount of antibacterial drugs. A sub-analysis of the previous VPZ randomized controlled trial [7] showed that there was no significant difference in the eradication rate between the CAM 200 and 400 mg b.i.d. regimens when using VPZ. Shortening the treatment period and reducing the amount of antimicrobial agent may result in a decrease in side effects. Furthermore, the compliance rate will improve and medical expenses can be reduced. In our study, the total first-line eradication rate was 82.2% (718/874) for both VPZ and EPZ regimens together, which was a significant result. We did not investigate whether a longer therapy duration and greater amount of antimicrobial agent contributed to higher eradication rates, especially with regard to the VPZ regimen. Further studies are required before adapting Western consensus.
Conclusions
The first-line H. pylori eradication rate of the VPZ regimen was significantly higher than that of the EPZ regimen for all patients, irrespective of their background. VPZ could be a useful alternative to PPIs, in combination with antibiotics for the eradication of H. pylori .
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